Abstract: Decoding the molecular basis of host seeking and blood feeding behavioral evolution/adaptation in the adult female mosquito may provide an opportunity to design new molecular strategy to disrupt human-mosquito interactions. However, despite the great progress in the field of mosquito olfaction and chemo-detection, little is known that how the sex-specific specialization of the olfactory system enables adult female mosquitoes to derive and manage complex blood feeding associated behavioral responses. A comprehensive RNAseq analysis of prior and post blood meal olfactory system of An. culicifacies mosquito revealed that a minor but unique change in the nature and regulation of key olfactory genes play a pivotal role in managing diverse behavioral responses. Age dependent transcriptional profiling demonstrated that adult female mosquito's chemosensory system gradually learned and matured to drive the host-seeking and blood feeding behavior at the age of 5-6 days. A zeitgeber time scale expression analysis of Odorant Binding Proteins (OBPs) unravels unique association with a late evening to midnight peak biting time. Blood meal-induced switching of unique sets of OBP genes and Odorant Receptors (ORs) expression coincides with the change in the innate physiological status of the mosquitoes. Blood meal follows up experiments provide enough evidence that how a synergistic and concurrent action of OBPs-ORs may drive 'prior and post blood meal' complex behavioral events. Finally, tissue-specific gene expression analysis and molecular modelling predicted two uncharacterized novel sensory appendages proteins (SAP-1 & SAP2) unique to An. culicifacies mosquito and may play a central role in the host-seeking behavior.
One of the key molecular strategies under not-to-bite approach relies on the designing of a new class of molecular tools able to disorient/alter the adult female mosquito host-seeking behavior (8) . However, defining the molecular basis of host-seeking behavioral evolution and adaption to blood feeding by the adult female mosquitoes remains central to our understanding. Probably this may be due to the complex interaction of genetic and non-genetic environmental factors deriving mosquito navigation (9) . In nature mosquitoes encounter many challenges to sustain in daily life i.e. they rely immensely on their sense of smell (olfaction) for the majority of their lifecycle stages (8) . Mosquitoes are able to detect and discriminate thousands of odor molecules, which may further vary depending on the host preference. These complex behavioral events are largely mediated by the diverse chemosensory genes encoding odorant binding proteins (OBPs), odorant degrading enzymes (ODEs), odorant receptors (ORs) and other accessory proteins including sensory neuron membrane protein (SNMP) (10) . Odorant binding proteins (OBPs), which are bathed within the sensillum lymph, are low molecular weight soluble proteins that mediate the first interaction of the olfactory system with the external world (10), (11) , (12) . These globular protein molecules showed significant diversity within the same family and are believed to bind with a wide range of hydrophobic odorant molecule. After binding with these odor molecules, OBPs shuttle it to their respective olfactory receptors present on olfactory receptor neurons (ORNs) (13) , (10) , (14) . Insect olfactory receptors (OrX) are present to work in association with the obligate receptor co-receptor (Orco) on the dendritic membrane of ORN (10) . Orco is essential for proper dendritic trafficking of the OrX, facilitating the formation of odorant gated ion channels by structural alteration that is opened upon odorant binding (10) , (15) . Thus, it is plausible to hypothesize that prior blood meal, key interactions of odorants and their cognate receptors may have a significant influence on food choice decision and blood meal uptake process.
For a successful blood feeding event, an adult female mosquito need to negotiate and manage multiple behavioral coordinates including searching, locating, landing over a suitable host, followed by tracing the proper site to pierce and suck the blood within two minutes (15) , (16), (17), (18), (19), (20) (21). Just after the piercing organ (proboscis), it is the salivary glands which mediate the immediate biochemical interaction with the vertebrate blood and facilitate rapid blood meal uptake. Our recent study suggested that adult female mosquito's salivary glands are evolved with the unique ability of gene expression switching to manage meal specific (sugar vs blood) responses (22), but the molecular nature of the olfactory and neuro-system in regulating the salivary gland function is yet to unravel.
Post blood meal mosquitoes need to enter into a new habitat favouring successful oviposition (23), (24). In fact, after blood meal acquisition, mosquitoes undergo two major behavioral switching events (i) search suitable site(s) for temporary resting and completion of blood meal digestion (~30hrs) which is necessary for egg maturation (48-72hrs); and (ii) find proper oviposition site for successful egg laying (25). After completion of egg laying event, the adult female mosquitoes regain hostseeking behavioral activities for a second blood meal to complete the next gonotrophic cycles (24), (26) . Notably, 'prior and post' blood meal associated habitats may have a significant difference in their physical, chemical and biological characteristics (23), but how olfactory driven factors manages these complex events is still an unresolved puzzle (27).
Immediately after emergence an exposure to diverse environmental/chemical cues facilitate olfactory maturation and learning for different innate behavioral activities such as feeding and mating in both the sexes (9) . However, in case of adult female mosquitoes, we opined that the evolutionary forces, might have favoured an extra but unique specialization of host seeking and blood feeding behavioral adaptation, possibly a result of frequent mosquito-vertebrate interactions (Fig.1) . Once, a mosquito takes first blood meal it needs to manage major physiological activities linked to blood meal digestion and egg maturation. These physiological changes possibly may have another level of impact on olfactory responses to guide oviposition site finding behavior. We further hypothesize that first blood meal exposure must have a priming effect on the olfactory responses expediting the consecutive host seeking and blood feeding behavioral activities more rapidly than previous one.
To test and decode this evolutionary speciality, we performed RNAseq transcriptomic analysis of the olfactory system of adult female An. culicifacies mosquito, responsible for more than 65% malaria cases in India (28). A comprehensive molecular and functional annotation of RNAseq data unravelled a limited but remarkable change in the nature and regulation of unique sets of olfactory gene repertoire in response to distinct feeding status of the mosquitoes. Extensive transcriptional profiling of the selected transcripts showed biphasic and synergistic regulation under the distinct innate physiological status of the mosquitoes, possibly to facilitate and manage the complex host-seeking behavioral events. Finally, our structural bioinformatic analysis predicts the key residues of the selected sensory appendages proteins, targets for future functional validation and characterization. 
Mosquito Rearing and Maintenance:
A cyclic colony of the mosquito An. culicifacies, sibling species A and An. stephensi were reared and maintained at 28±2°C, RH=80% in the central insectary facility as mentioned previously (22), (29). All protocols for rearing and maintenance of the mosquito culture were approved by ethical committee of the institute.
RNA isolation and Transcriptome Sequencing Analysis:
Complete olfactory tissue which includes antennae, maxillary palp, proboscis and labium, were dissected from 0-1 day of age, 30 min post blood fed and 30 hrs post blood fed An. culicifacies mosquito and collected in Trizol Reagent. Total RNA was isolated and double-stranded cDNA library was prepared by a well-established PCR-based protocol described previously (22), (30). Whole transcriptome sequencing of the olfactory tissue was performed by following the Illumina MiSeq 2 X 150 paired-end library preparation protocol. The sequencing data analysis pipeline is shown in Fig 2. A denovo clustering using CLC Genomics workbench (V6.2) (31) was used to build final contigs/transcripts dataset for functional annotation. For comprehensive annotation and differential gene expression analysis we followed essentially the same protocol as described earlier (22). Relative quantification of the genes was calculated by FPKM values (Fragments Per Kilobase of Exon Per Million Fragments Mapped).
Identification and molecular cataloguing of olfactory genes in An. culicifacies: An initial BLAST search analysis predicted a total of 93 transcripts encoding putative OBP homologs from the olfactory transcriptome data of An. culicifacies mosquito. To predict additional OBPs, a merged database of mosquito and Drosophila OBPs was re-queried against An. culicifacies draft genome/predicted transcripts databases available at www.vectorbase.org and build up the final OBP catalogue and classification for phylogenetic analysis as detailed in the supplemental figure S1a. A PDB database homology search analysis and GO annotation was used to identify and catalogue other putative olfactory receptor genes manually.
PCR based Gene Expression Analysis:
The head tissue containing the olfactory appendages of female An. culicifacies mosquito was dissected at different zeitgeber time point. The 24 hr time scale of the LD cycle is represented as different Zeitgeber time (ZT) where ZT0 indicate the end of dawn transition, ZT11 is defined as the start of the dusk transition and ZT12 is defined as the time of lights off (32 Blood meal time series follow up: For blood meal time series follow up the experiment, the olfactory tissues were collected from both naïve sugar fed and blood fed mosquitoes at different time points. Olfactory tissues collections were initiated from 0-1 day of naïve sugar-fed mosquitoes and proceed up to 6-7 days on every alternative day. After the 6 th day, the adult female mosquitoes were offered first blood meal by offering a live animal (rabbit) and immediately collected olfactory tissues for 30 minutes' time point. The full blood-fed mosquitoes were separated and kept in a proper insectary condition for further experiment. After collection of olfactory Tissues at 30hrs and 72 hrs post blood fed the gravid females were kept for oviposition and again dissected OLF tissues after 24 hrs of the egg laying event. Second blood meal was provided to the egg laid mosquitoes and final collection of OLF tissues were done after 30hrs of 2 nd blood meal.
Structural Modelling of SAP1 and SAP2:
For structure prediction analysis of SAP1 and SAP2 proteins from An. culicifacies, initially, template for each query proteins was searched against PDB database using blastp algorithm. Two best templates were selected for each used query sequence and thereafter, modeller9 v.13 was used for the building of 50 models for each query sequence using multiple templates. The best model was selected based on the PROCHECK analysis, and DOPE score. Finally, the selected models were used for binding site prediction using COACH software.
Results and Discussion:
It is well known that a circadian dependent modulation of olfactory responses significantly influences the biting behavior in Anopheline mosquito species (32). But the knowledge that how this olfactory derived modulation manages pre and post blood meal behavioral events is yet not well understood (24), (25) (27). Based on available literature and knowledge gaps, we argued that immediately after emergence adult female mosquitoes must undergoes two unique changes in their olfactory responses i.e. (i) an exposure to the diverse chemical environment affecting host-seeking behavioral maturation that facilitate feeding preference switching from nectar to blood meal; (ii) blood meal digestion completion, enabling successful egg maturation and re-switching olfactory actions towards oviposition site finding behavior.
To decode and establish this molecular relationship managing 'prior and post' blood meal behavioral events we developed a working hypothesis (Fig. 1) , a plausible mechanism which may have a significant influence on mosquito feeding and survival in diverse ecologies. To test the above hypothesis, first, we generated and analysed a total of ~122 million RNAseq reads of the olfactory tissues collected from 1-2 day old naive (Nv), 5-6-day old immediate blood fed (30m-2h PBM) and 30hr post blood fed (30hr PBM) mosquitoes (Table-1) . We chose 30h PBM as a critical time when completion of blood meal digestion occurs in the midgut, which may have direct influence on the reactivation of the olfactory system (Fig. S2 ) (24), (25), (34). For molecular and functional annotation, we assembled each transcriptomic database into contigs/Transcripts and compared against multiple molecular databases as described earlier (22). Table-S1 represents details of the annotation kinetics of mosquito olfactory databases.
Blood meal causes modest but unique changes to olfactory responses:
To test whether blood meal alters the global expression pattern of the olfactory transcriptome, we performed a digital gene expression analysis. Initial attempt of cleaned reads mapping to the available draft reference genome failed to yield quality results, probably due to poor annotation (Fig.: S3) . Alternatively, we mapped all the high quality reads against Denovo assembled reference map, as described earlier (22). Blood meal causes a modest shift in the transcriptome expression (Fig. 3a) , supporting the previous report that first blood meal enhances odorant receptor transcripts abundance modestly, but causes general reduction of mosquito antennal chemosensory gene repertoire in An. gambiae (24).
We observed that at least >85% transcriptome remains unaltered, while only ~6% transcripts are upregulated and ~8.7% transcripts downregulated in 30 min post blood fed samples (Table-S2 and Dataset S1). As expected ~10% transcripts expression was further reduced in 30h post blood fed olfactory tissue samples while only 2% transcripts up-regulated when compared to naive unfed mosquitoes (Table S2) . Interestingly, a comprehensive annotation analysis also predicted that basic composition of the mosquito olfactory tissue does not alter significantly ( Fig. 3b-d ). Owing to a limited change in the olfactory responses, we hypothesize that blood-feeding may not directly cause a major shift in transcript abundance but may alter the functional nature/regulation of the unique transcripts controlling key biological processes such as response to stimulus, circadian rhythm, and signalling in the blood fed adult female mosquitoes. To clarify this complexity, we manually shortlisted the olfactory transcripts either based on their FPKM abundance and/or predicted coding nature and analysed a set of unique genes likely to influence mosquito host-seeking and blood-feeding behavior.
To trace the possible molecular link, we extensively profiled their transcriptional regulation under distinct feeding status (see below).
Daily rhythm and expression change of Odorant binding proteins (OBPs) may influence olfactory responses:
To negotiate and manage the navigation trajectory towards the vertebrate host, olfactory encoded odorant binding proteins (OBPs) play a crucial role to bind and deliver the odorants/chemicals to their cognate odorant receptors, an event guiding behavioral decisions. To explore the possible role of OBPs in the regulation of the olfactory behavior we identified and catalogued a total of sixty-three OBP genes from the mosquito An. culicifacies (Table 1a) . Domain prediction analysis classified the OBPs as Classic OBPs, Plus-C OBPs, Two-domain OBPs and other Chemosensory protein family (Table 1b; details in table S3) , as described earlier for the mosquito An. gambiae (35). Plus-C OBPs 13 3.
Two-Domain OBPs 13 4.
Other Chemosensory Proteins 11
A comprehensive phylogenomic analysis of the Classic putative OBPs of An. culicifacies highlights the conserved sequence relationship with An. gambiae and other mosquito/insect species (Fig S4a) , however, Plus-C and Atypical class of OBPs showed a distant relationship to the non-mosquito species Drosophila (Fig. S4b, c) , probably evolved to facilitate host seeking and blood feeding behavior in adult female mosquitoes.
Interestingly, differential gene expression (DGE) data indicated that blood meal restricted the expression of common OBP transcripts (Fig. S5) . However, first blood meal causes the appearance of unique OBP transcripts (Table 1) , a crucial event in modulating the behavioral activities in response to changing the feeding status i.e. naive sugar to blood feeding. To further validate and unravel this unique relationship of OBPs regulation, we examined the expression of at least 15 putative OBP transcripts under distinct feeding status of the mosquitoes. In this analysis, we also included two uncharacterized chemosensory proteins (CSPs) named sensory appendage protein (SAP1 & SAP2) having a dominant expression in the naive mosquito olfactory tissue (Table S3) .
Our Zeitgeber time scale expression showed that out of selected nine OBPs transcripts, at least 6 OBPs showed a >2fold modulation in their expression during late evening to midnight, in the 6-day old naïve mosquitoes (Fig. 4a) . These data also corroborate with the previous observation of the natural active biting behavior of An. culicifacies mosquito in the mid night (36), (37) . Surprisingly, sensory appendage proteins (Ac-SAP1 & Ac-SAP2) showed unequivocally an enriched [16 fold for SAP1, p ≤ 0.001 and 6 fold SAP2, p ≤ 0.0001) expression than other tested OBPs. Apart from that, we also observed a transient suppression (30min) and rapid recovery of OBPs expression just after a first blood meal (Fig. 4b) . Together these observations suggested that a midnight hyper activities of OBPs are able to derive female specific host seeking behavioral activities of An. culicifacies. However, a transient change in expression in response to first blood meal further raises a question that how mosquitoes manage blood feeding associated complex behavioral responses such as egg maturation, oviposition etc. We hypothesize those harmonious actions of OBPs with ORs, which are involved in downstream odorant signal transduction cascade, may influence behavioral switching responses from naive sugar feeding status to blood feeding.
Innate physiological status may influence olfactory receptor responses to manage behavioral switching events: Current literature suggested that a combinatorial coding mechanism of the olfactory receptors enables insects to recognize thousands of diverse chemical cues for selective neuro-actions to meet specific behavioral demands (11), (14), (38). But, the molecular basis that how olfactory receptors superintend and co-ordinate between innate and primed/adaptive odor responses involving 'prior and post' blood meal behavioral complexity is yet to be unravelled.
After a successful blood meal, the gut physiology of the naive adult female mosquito undergoes a complex modulation to digest the blood meal and maturation of the eggs. Once the blood meal digestion completed, the mosquitoes may re-switch their olfactory responses for ovposition site finding behavior (24), (39), (40), (41). A transient modulation of OBPs expression in response to blood meal further prompted us to decode and establish its correlation with the olfactory receptors. To unravel this relationship, initially we retrieved, pooled and catalogued a total of 603 unique transcripts linked to response to stimulus and signalling (RTSS) categories (Fig. 3b, c, d ), encoding diverse nature of proteins such as anion binding, nucleic acid binding, receptor activity, hydrolases and transferase activity (Fig. 5a) . A comparative GO score distribution analysis predicted lower score hits for the blood-fed cohorts than naive mosquitoes (Fig. 5a) . Surprisingly, out of 603 transcripts, we noticed only 110 transcripts common to all, while >100 transcripts remain uniquely associated with individual physiological conditions compared in the study (Fig. 5b) . Together these data suggested that blood meal not only delimits the expression of many olfactory genes but also enriches the expression of many unique transcripts having similar functions.
Mosquito olfactory receptors are thought to play a central role to receive and communicate the chemical message to higher brain centre through olfactory receptor neurons for decision making events (10), (42), (43). To further clarify this molecular relation, initially, we catalogued 50 different chemosensory receptors (Table- 2) comprising odorant receptors (ORs); gustatory receptors (Grs) and variant ionotropic receptors (IRs), which appeared predominantly in the naïve and blood fed cohorts of the RTSS category (Table: S4) . Interestingly, a cluster of 19 different olfactory receptor genes was found to be expressed abundantly and exclusively in the naïve mosquito [ Table-S4] . At the same time, we also observed that a distinct repertoire of chemosensory receptor genes uniquely appeared in the blood fed cohorts, but their number is much lower than the naïve mosquito (Table S4) . Observation of the constitutive expression of Orco and few other ORs and Grs (totalling 10 transcripts) in all the experimental conditions highlighted the importance of Orco for the presentation of other receptors in the olfactory system. Together, these data suggested that an abundant expression of olfactory receptors in naïve mosquitoes may be essential to encounter and manage different conflicting behavioral demands when changing from naïve sugar feed status to blood fed. Ac-OLF-Naive 32 2.
Ac-OLF-30min PBM 11 3.
Ac-OLF-30hr-PBM 7 Total 50
Unlike OBPs, poor modulation of olfactory receptor gene expression under circadian rhythm (Fig. 5c) suggested a minimal role of ORs in the initialization of host-seeking behavioral activities. Alternatively, we also interpreted that ORs may not have direct biphasic regulation, but may influence a successful blood feeding event.
To further corroborate with the above propositions and uncover the functional correlations of olfactory receptor responses, we monitored the transcriptional regulation of the selected OR transcripts in response to two consecutive blood meal series follow-up (44). An agedependent enrichment of OR transcripts till 6 th day of maturation in the sugar-fed mosquitoes suggested that naïve mosquitoes may express and attain a full spectrum of chemosensory genes expression to meet all the needs of their life cycle requirements i.e. host seeking and mate-finding behavioral response (Fig. 5d) .
First blood meal of 6 th -day old naïve mosquitoes initiates the suppression of almost all the olfactory receptor transcripts within 30 minutes of blood feeding, whose expression almost ceased to a basal level at 30 hrs post blood meal, except the slight up-regulation of two transcripts named OR42 and OR62 (Fig. 5d) . Apparently, after 30 hrs PBM we observed a significant modulation of receptor gene expression which started enriching till 72 hrs of post first blood meal, a time window coincides with the successful completion of the oviposition event. However, we did not observe any significant change in the expression of the receptor transcripts in response to second blood meal (Fig 5d) . These findings strongly suggested that first blood meal exposure to odorant receptors may have priming effect over host seeking behavioral activities, enabling mosquito for rapid blood meal uptake for consecutive gonotrophic cycles.
Blood meal response to other olfactory proteins: Encouragingly, the above data prompted us to test transcriptional profiling of few uncharacterized chemosensory class of olfactory proteins, identified from the transcriptomic data (Table S5) . Transcripts encoding orphan receptor R21, scavenger receptor class B (SRCB), an uncharacterized Protein (XP_001959820) and Sensory neuron membrane protein (SNMP) showed a similar pattern of regulation, suggesting that a combination of all the receptor type represented in the olfactory tissue of An. culicifacies mosquito function concurrently in nature's aroma world and changed significantly prior and after the first blood meal as compared to the consecutive second blood meal (Fig. 6a) . The involvement of G-proteins and related metabotropic signalling mechanism in the olfactory signal transduction of insects remain controversial. However, a rapid and consistent induction of adenylyl cyclase gene after 30m PBM (Fig. 6b) , supporting the previous hypothesis that the synthesis of the secondary messenger, cAMP by adenylate cyclase, facilitates odorant mediated signal transduction process which further influence downstream behavioral responses (10) . Surprisingly, a finding of <1% of transcripts encoding putative immune proteins, suggested the maintenance of a basal level of sterility is essential for proper olfactory functions (Fig. S6) .
Sensory appendages proteins as a unique target to Anopheles culicifacies: Two mosquito vector species are predominant in India viz. An. stephensi and An. culicifacies, the former is the urban vector and later is the rural one (28), (45). An. culicifacies have been reported predominantly as zoophilic in India, while An. stephensi exhibit predominantly anthropophilic behaviour (28), (46), (47). Even, when reared under the same environment at the central insectary facility, still they display a significant difference in their behavioral properties such as feeding, mating, biting preferences etc. (personal observation/ST-S5). Though the molecular basis of such biological variation is yet to unravel, but emerging evidence suggest a significant genetic difference exists among various Anopheline mosquito species, including An. stephensi and An. culicifacies (48), (49). Under laboratory investigation, we frequently observed that biological rhythm may have a significant influence on the biting and blood feeding behavior of An. culicifacies. Previously, several odorant binding proteins such as OBP20/OBP1/OBP7 have been characterized as a key molecular target in many Anopheline mosquitoes involved in host-seeking behavior (50), (51), (52), but remains unidentified from An. culicifacies.
Thus, to test whether any species-specific olfactory derived genetic factors have any differential regulation, influencing the behavioral responses, we compared the expression of at least 6 OBPs transcripts between two laboratories reared mosquito species An. stephensi and An. culicifacies. In this analysis we also included two novel SAP proteins, which showed a high induction than other OBPs in the olfactory system of the mosquito An. culicifacies at midnight (Fig. 4a) . Surprisingly, a sex and tissue specific comparative transcriptional profiling of selected OBPs revealed a dominant expression of SAP1 (p ≤ 0.0003)/SAP2 (p ≤ 0.0007) in the legs of mosquito An. culicifacies (Fig 7a,   b) . Together these data indicated that An. culicifacies may draw an extra advantage of having more sensitive appendages, possibly to favour more active late night foraging behavior, than An. stephensi. Furthermore, a strong phylogenetic association of Ac-SAP1 protein within Anthropophilic mosquito clade (Fig. 7c) , strongly suggested that sensory appendages proteins may have a crucial role to meet and manage the high host seeking behavioral activities, restricted to An. culicifacies.
Encouraging to the above finding, we carried out a 3D structure modelling analysis of Ac-SAP1 and Ac-SAP2, to predict the best possible conserved binding pockets for specific chemicals. In the absence of any available solved X-ray structure of reference SAP protein, we applied a template based comparative molecular modelling approach. An initial blast analysis identified two best templates in PDB database code for chemosensory protein 2GVS and 1KX8 with identity 47-56% and coverage >80%, favouring their suitability for structure prediction. Out of the 50 modelled 3D structures for each protein, DOPE score analysis resulted in the selection of model-49 and model-27 with score -11689.73, and -10989.75 for SAP1 and SAP2 respectively (Fig. 7d and Fig. S7a) .
We validated the best-selected model using Procheck server for Ramachandran plot, showing a more than 95% allowable region, with no residue falling in the disallowed region of the plot (Fig. 7e and  Fig. S7b) . Based on the consensus, a best-fit ligand binding site prediction analysis within the selected models was scored by COACH server, which engages at least five different algorithms TM-SITE, S-SITE, COFACTOR, FIND-SITE, and ConCavity. Binding pocket for SAP1 and SAP2 identified eight consensus residues namely D36, E39, L40, K49, C52, Q59, Y91, and Y95 along with BDD (12-bromo-1-dodecanol) as a predicted ligand. Minimization of the steric clashes from the complex structures was done using Chimera software (Fig. 7f and Fig. S7c) . Furthermore, selection of amino acid residues within 3 Å region of ligand molecule are I43 and Y95 of which Y95 is involved in H-bonding with BDD ligand. Similarly, in case of SAP2 protein, residue selection resulted in the identification of I43, D51, Q59, T63, Y95 residues of which D51 form H-bond with BDD ligand (Fig. 7g and Fig. S7d ).
In our analysis we observed the presence of at least two conserved cysteine (CYS52 and CYS55) residues in the loop region of SAP1 and SAP2 proteins, which may likely involved in di-sulphide bond formation and stabilization of protein structure. Our analysis also showed that binding pocket forms a tunnel-like structure which is preferred by long aliphatic molecules. Presence of negatively charged asparatic and glutamic acid at both ends showed the preference for charged residue near the vicinity of ligand molecule. Moreover, the presence of conserved negatively charged asparatic acid and polar tyrosine (TYR91 in SAP1 and TYR95 in SAP2) at one end of binding pocket suggested their role in ligand binding.
A synergetic action of OBPs/ORs may manage behavioral responses: Decoding the genetic relationship of sense of smell is central to design new molecular tools to disrupt mosquito-human interaction. We demonstrated that a synergistic and harmonious action of olfactory encoded unique factors govern the successful 'prior and post' blood feeding associated behavioral complexities. We concluded that a quick recovery of the actions of odorant binding proteins immediately after blood feeding, and delayed re-activation of olfactory receptor proteins after blood meal digestion completion are unique to manage diverse behavioral responses. We hypothesize that first blood meal exposure is enough for prime learning, satisfying the motivational search of mosquitoes for the completion of their gonotrophic cycles. Thus, it is plausible to propose that apart from the innate odor responses, adult female mosquitoes might took an advantage of prior odor (vertebrate) exposure, which leads an exclusive evolutionary specialty, allowing them to learn, experience and adapt as a fast blood feeder in nature (Fig. 8) .
In summary, we decoded and established a possible functional correlation that how a coherent and smart actions of olfactory encoded factors enabled adult female mosquitoes to meet and manage the blood feeding associated complex behavioral activities (Fig. 8) . Furthermore, targeting speciesspecific unique genes such as sensory appendages proteins may be crucial to design disorientation strategy against mosquito An. culicifacies, an important malarial vector in rural India. Mosquitoes Adult mosquitoes, just after emergence from pupae are exclusive sugar feeders and dependent on nectar sugar to acquire energy for flight activity. Exposure of the adult mosquitoes to the diverse aromatic environment facilitate their learning and maturation of the olfactory system which enable successful mating and host seeking behavioral activities. But the function of the olfactory system starts to diminish just after blood feeding and become ceased at least for 30hrs of post blood meal. Blood feeding initiates lots of physiological changes including blood meal digestion in the midgut and egg maturation in the ovary which consume lots of energy and thus mosquitoes manipulate the energy cost by shutting down the olfactory responses and preferred to take rest at a cool dark place. After 30 hrs of blood feeding the blood almost digested in the midgut and maturation of egg reached a threshold level which reinforce the mosquito to perform to next level of behavior. How smart actions of olfactory system manages blood feeding associated odor response: an evolutionary speciality of adult female mosquitoes. After emergence from pupae adult mosquitoes are exposed to the overwhelmed odor world, where odorants chemicals act as a language of communication with the external world. The sophisticated innate olfactory system of mosquitoes enables them to recognize and differentiate these wide variety of odorants which are crucial for their every life cycle stages. Inner physiological motivation as well as the age and exposure of mosquitoes towards the external world promote them for host seeking and blood feeding event.
After taking blood meal mosquitoes initiate next level of physiological cum behavioral events i.e. oviposition. Apart from that, first exposure with vertebrates facilitate learning and second blood feeding events. These whole odors mediated response is tactfully managed by the synergistic actions of Odorant binding proteins (OBPs) and olfactory receptors (Ors). The overlapping circadian rhythm dependent functions of OBPs and Ors govern the pre blood meal events of host fetching events. As soon as the mosquitoes take blood meal the functions of OBPs and Ors ceased for some period, but the recovery of OBPs actions occurs early as compared to Ors to perform the next level of behaviors. Mosquitoes, then take advantage/adapted from priming and learning of the first blood meal exposure for the more rapid consecutive blood feeding. . To identify and annotate more putative OBP genes from genome of An. culicifacies, we performed tBLASTX analysis of all shortlisted OBPs as a query against genome database, downloaded from www.vectorbase.org. Removal of all kinds of repetition was done and prepare the final OBP catalogue. 
